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1 0 INTRODUCTION 

Modern  high-speed  digital  eomputers  and  approximate  numerical  techniques  huVe 
made  possible  solutions  to  main  electromagnetic  problems  which  traditionally  have  been 
solved  only  by  an  empirical  approach.  An  example  ol  a use hi  1 type  ol  problem  that  can  he 
solved  numerically  is  radiation  and  scattering  from  thin-wire  structures.  “Thin- wire  model- 
ing” computer  programs,  when  properly  used,  can  be  a highly  accurate  engineering  tool  lor 

antenna  analysis. 

I lus  report  briefly  describes  the  general  approach  and  applicability  ol  thin-wire 
modeling  programs  Several  programs  in  use  at  M l C are  discussed  and  compared  1 heir 
specific  application  in  support  of  the  analysis  of  several  antenna  problems  is  examined  and 
evaluated.  I he  examples  described  typify  the  problems  which  can  be  addressed  via  numeri- 
cal modeling  and  demonstrate  that  numerical  modeling  is  a valuable  engineering  tool. 

1 his  report  is  a summary  ot  the  work  performed  in  applying  these  numerical  model- 
ing techniques  during  fiscal  year  l(>74.  lienee,  detailed  discussion  is  limited  to  those  aspects 
which  show  how  numerical  modeling  has  contributed  to  an  engineering  solution.  Relerences 
are  cited  throughout  the  report  to  provide  a source  lor  more  complete  coverage  ol  a given 
subject.  The  first  part  of  this  report  is  intended  as  an  introduction  lor  the  uninitiated  reader 
hut  may  also  prove  informative  to  those  currently  using  the  same  computer  codes.  1 he 
second  part  describes  how  thin-wire  modeling  techniques  have  been  applied  to  several  engi- 
neering problems. 

1.1  THIN-WIRE  MODELING  TECHNIQUES 


1.1,1  THIN-WIRE  APPROXIMATIONS 


Electromagnetic  radiation  problems  can  always  be  represented  by  an  integral  expres- 
sion with  an  inhomogeneous  source  term.  The  general-purpose  programs  lor  Irequency 
domain  analysis  under  discussion  here  usually  approach  the  thin-wire  antenna  problem  using 
a Poeklington  integral  formulation. 

The  formulation  for  a /.-directed  dipole  may  be  written  as: 


L/2 


E»(/.)  = f "•(/') 
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and  r is  the  distance  between  the  observation  point  (x.  y.  z)  and  the  source  point  (x  , y . z.  ). 
E*  (z.)  is  the  incident  or  impressed  field  on  the  wire,  and,  since  the  wire. is  assumed  thin,  the 
field  varies  only  in  the  direction  of  the  wire.  The  limits  of  integration  result  because  the 
wire  dipole  extends  from  z.  = -L/2  to  L/2  as  shown  in  Figure  1 . Note  that  the  dipole  antenna 
is  not  assumed  to  be  infinitely  thin.  The  thin-wire  approximations  only  limit  the  radius  to 
much  less  than  a wavelength.  The  approximations  also  limit  the  current  l(z')  to  be  only  in 
the  axial  direction  of  each  wire.  Then  current  and  charge  densities  can  be  approximated  by 
filaments  of  current  and  charge  on  the  wire  axes. 
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i igurc  1 Wue  dipole  «)l  lenglh  I radius  a centered  about  /-axis. 

1.1.2  Ml  11101)01  MOMINTS 

The  unifying  concept  in  this  numerical  treatment  of  radiation  problems  is  the 
method  of  moments.-  Basically,  the  method  of  moments  is  a technique  for  reducing  the 
integral  equation  ( 1 ) to  a system  of  linear  algebraic  equations  where  the  unknowns  are  usual- 
ly coefficients  in  some  appropriate  expansion  of  the  i e.rent.  Hie  resulting  matrix  equation 
can  then  he  solved  for  the  current  by  a high-speed  digital  computer. 

Using  the  concepts  of  linear  vector  spaces  and  linear  operations,  equation  ( 1)  may  be 
expressed  as  the  operator  equation 

v\  , (/.)  = L(l(7.'»  , (2) 

where  I:!  (/)  is  the  known  function  or  source  and  U/)  is  the  unknown  current  function  to 
be  determined.  The  operator,  L,  performs  a mapping  from  one  subset  containing  I to  one 
containing  I 

Assuming  the  wires  to  be  perfect  conductors,  the  boundary  condition  for  the  tangen- 
tial component  of  the  electric  field  at  the  wire  surface  is  satisfied  (approximately)  by  requir- 
ing that  the  axial  component  vanish  at  the  surface  of  each  wire.  At  points  ol  excitation  on 
the  wires  of  a transmit  antenna,  some  ippropriate  source  model  relates  an  impressed  l -field 
to  the  excitation  voltage. 
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In  •.  frequently  used  approach,  the  subsection;.!  approach,  each  wire  is  visualized  as 
divided  n.'  a .ll-r  <N.  ..I  L A > form  tor  .1,0  curre, 

dlllrNn^lno^ol,  sofn,on.  h awnmed  1 In,,  ,ho  ,o.al  our, on.  alo„s  -h.  w.rc  ,s  appro*,- 
mated  by  an  expansion  in  a series  ot  lunetions  m the  < omain  ot  L.  as. 


'i 


(3) 


i=  1 


v hcrc  ,</)  are  the  expansion  functions  and  Ij  are  their  coefficients.  The  problem  is  to 
M”VC  ,li:S,n^o^iinn  .3.  H,.o  o,,„a„o„  .2,  and  „*i„P  U,o  linoari.y  of  L: 

N 

V liL(gi(/'))=  1 '</) 
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i = 1 


, ml  nion  (4)  can  be  rewritten  as  a matrix  equation  by  applying  a suitably  defined  inner 
product  and  a set  of  weighting  or  testing  functions  (see  Relerence  -).  1 he  inner  product 


ation.  the  resttl  is. 

N 

V lj<tj.  L(gj(/»  > = < tj,  1 '(/)>. 


i = 1 


where  j = 1,  2,  3.  . . . N.  Equation  (5)  can  now  be  written  in  matrix  torm  as. 


so  that 
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and  l V 1 


(10) 
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I licrc  are  many  possible  choices  lor  expansion  functions  and  testing  functions 
Some  combinations  nu.\  produce  faster  convergence  ol  the  solution  (require  fewer  functions 
for  a given  accuracy)  lienee,  smaller  matrices  are  required,  resulting  in  a savings  ol  comput 
er  core.  Other  combinations  may  provide  simpler  computations  ol  matrix  elements,  thus 
reducing  computer  run  time  The  most  advantageous  combination  is  currently  under  debate. 
Investigation  of  this  important  question  is  of  paramount  interest. 


I.:  | M MI  M S Ol  \ GLNLR  \L -PURI'OSl  PROGR  \M 

Hie  advantage  of  a general-purpose  program  is  that  extensive  reprogramming  is  un- 
necessary whenever  a new  problem  is  addressed  Mso,  special-purpose  input  algorithms  can 
be  used  to  automate  the  problem  specification,  producing  a highly  user-oriented  engineering 
tool.  I he  user,  however  must  be  cogm/ant  of  the  program  limitations  set  by  the  approxi- 
mations inherent  in  the  method  of  solution.  I xperiencc  gained  irom  exercising  the  program 
and  sound  engineering  judgment  are  the  keys  to  specifying  the  proper  input  data  and  intei 
preting  the  results. 

Ideally  the  input  algorithms  of  a user-oriented  general-purpose  program  will  auto- 
matically divide  each  wire  o!  the  antenna  structure  into  equal  segments,  tl  quul  segmenta- 
tion has  no  special  advantage  except  lor  ease  in  automation.)  Hie  user  need  only  supply  a 
description  of  the  antenna  structure  in  terms  of  the  conductor  radius,  the  end  points  of  each 
wire,  and  the  number  of  segments  on  each  wire.  Other  parameters  such  as  source  location, 
magnitude,  and  frequency  are  also  specified  by  the  user.  In  each  case,  the  parameters  must 
be  selected  with  good  engineering  judgment  in  order  to  produce  worthwhile  results 

A general-purpose  program  must  ol  course  possess  the  capability  to  deal  with 
structures  having  multiple  wire  junctions.  Some  procedure  must  be  implemented  to  extend 
the  matrix  solution  for  the  case  of  multiple  wire  junctions.  Although  the  precise  boundary 
conditions  applicable  near  the  junctions  are  subject  to  debate.'  it  is  generally  agreed  that 
the  currents  at  junctions  in  thin-wire  structures  should  obey  Kircholfs  current  law  Hence, 
it  becomes  a bookkeeping  job,  preferably  carried  on  by  the  computer,  to  keep  track  ol 
junction  locations  and  enforce  the  appropriate  conditions  on  the  currents. 

Another  important  consideration  is  the  selection  of  an  appropriate  source  model, 
fortunately,  satisfactory  results  are  obtained  for  a large  number  of  problems  by  using  the 
simplest  source  model  the  delta  gap.  Occasionally  a problem  is  encountered  (for  example, 
sources  and  junctions  occur  in  close  proximity)  which  may  require  a more  elaborate  source 
model  such  as  the  bicone  source4  or  the  magnetic  frill.'  Selection  of  the  source  is  based  on 
the  user's  experience. 


1 \ C OMI'UT  1 R ( ODL.S  AT  NULC 

A number  of  computer  programs  using  the  approach  outlined  above  have  been 
acquired  and  exercised  by  the  Radio  Technology  Division,  ( ode  2100.  at  Nl  I C A list  ol 
these  programs  with  their  major  attributes  is  given  in  table  I.  Laeh  is  a general-purpose  pro- 
gram However,  some  are  more  user-oriented  than  others. 

1AIU  I I.  I IIIN-VYIRI  ( OMI’UT  I R C '01)1  S. 

I requency  Domain 

AMI*  (MB  Associates) 

Sinusoidal  Interpolation 
Point  Matching 
Delta  Gap  Source  Model 

SYRAC’USI  (Harrington.  Kuo,  S.rait.  Syracuse  University) 

Piecewise  Linear  I xpansion  I unction 
Galerkin  Technique 
Delta  (iap  Source  Model 

OSU  (J.  Richmond,  Ohio  State  University) 

Piecewise  Sinusoidal  I xpansion  I* unction 
(ialerkin  Technique 
Delta  (iap  Source  Model 

WHIP  (NIK) 

Piecewise  Sinusoidal  P xpansion  1 unction 

Point  Matching 
Delta  (iap  Source  Model 

Time  Domain 

TWTD  (Lawrence  Livermore  Laboratory) 

Quadratic  Interpolation 
Point  Matching 
Delta  Gap  Source  Model 


131  AMI>  (,7  8 

The  AMP  program  was  developed  under  a tri-services  contract  by  MB  Associates. 

This  program  uses  a three-term  current  expansion  (which  involves  a constant,  sine,  and 
cosine  term  on  each  of  the  structure  segments)  with  point  matching  and  delta  gap  source 
model.  AMP  is  a well  written,  very  user-oriented  general-purpose  program.  I he  input  rou- 
tines provide  a useful  and  efficient  means  of  specifying  the  geometry  and  electromagnetic 
environment  for  an  antenna  problem,  which  is  the  chief  advantage  ol  AMP  In  addition  to 
the  original  geometry  routines,  the  capability  to  generate  circular  arc  and  helical  wire  struc- 
tures has  been  added.  Also  added  is  the  capability  to  compute  the  near  magnetic  fields 
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,‘volv  mg  sources  complicated  by  tl.e  proximity  ol  junctions  and  other  conduct  s. 

1.3.:  SYRACUSI  ,10 



?*«S£3S3s^ms=sk- 

I35SE2Hi=SE 

~rr~===r== 

input  since  it  streamlines  the  problem  delmition. 

1 V3  OS l!  , .. 

. osll  ,„„.loys  tin*  pievenm*  cimicoiilal  reaction  ilcvi-lopi-i  by 

, K,.„,r,.i,  ' ' V,c  =,,n  lUi^s  ,,^ 

•”  SY"  ^r™  Gaie!kin's'tccbnK|,,e  and  the  aN.it,  to  « * 

capabilities. 


1 3 4 WHIP  „ , . 

, Ik*  WHIP  (Whip  Antenna  ISograni)  l)ropr*mi  w^s  ^^j^J^vyry  hiii^ei^bi  scope*1' It 

pap  source  model. 
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I 3 5 TWTI) 


rill*  IAVT1)  ( I liin  Wire  lime  Domain)  program  is  a product  ol  the  Lawrence  Liver 
more  I aboratory.1  • The  program  solves  an  electric  Held  integral  equation  in  time  using 
the  method  ol  moments  with  subsectional  collocation  (quadratic  interpolation  with  point 
matching)  I lie  source  may  be  eithci  a time-dependent  incident  field  or  a time-dependent 
version  ot  the  delta  gap  source  model,  depending  on  the  user’s  choice.  T he  program  solves 
Lor  the  time-dependent  induced  currents  which  are  used  to  find  the  time-dependent  radiated 
or  scattered  fields  A discrete  1 mirier  transform  is  used  to  determine  the  input  impedance 
characteristics 

Input  routines  similar  to  those  used  in  MBA  have  been  added  to  TVV  1 1)  to  produce  a 
highly  flexible,  user-oriented  package.  Also  added  is  a plotting  capability  for  easy  display  of 
time  and  frequency  response  characteristics  of  an  antenna. 

Presently.  I AVID  has  the  ability  to  treat  resistive-loaded  structures  only.  It  is,  ol 
course  highly  desirable  to  extend  this  capability  to  include  reactive  type  loads. 

1.4  PROGRAM  LIMITATIONS 

The  solution  to  an  antenna  problem  generated  by  any  of  the  thin-wire  programs  is  at 
best  an  approximation.^'^*  Nonetheless,  highly  accurate  answers  can  be  obtained  by  care- 
ful modeling  of  the  antenna  structure  by  proper  choice  of  segmentation  and  other  relevant 
parameters.  The  accuracy  of  calculated  antenna  characteristics  depends  on  how  well  the 
calculated  current  distribution  conforms  to  the  real  case  and  hence  on  how  well  the  antenna 
is  modeled. 

In  general,  for  accurate  results,  the  nearer  to  the  antenna  structure  that  calculated 
antenna  characteristics  are  desired,  the  more  accurately  known  must  be  the  current.  l;or  ex- 
ample, it  is  well  known  that  the  assumption  of  a sinusoidal  current  distribution  on  a simple 
resonant  dipole  is  sufficient  to  accurately  determine  the  far  fields.  However,  this  approxima- 
tion incorrectly  predicts  the  input  impedance. ' ^ Hence,  higher  resolution  of  the  calculated 
currents  is  required  for  accurate  determination  of  the  impedance  and  near  fields.  The  higher 
resolution  is  obtained  by  finer  segmentation  within  the  limits  of  the  thin-wire  approximation 
(segment  length  must  be  large  with  respect  to  wire  radius). 

The  calculations  of  impedance  and  near  fields  often  appear  highly  sensitive  to  the 
modeling  of  regions  about  feed  points,  wire  junctions,  and  radius  changes  along  the  wires. 
The  closer  together  these  critical  regions  occur,  the  greater  their  influence  on  the  results. 

The  worst  case  occurs  when  junctions  and  large-radius  changes  are  both  in  close  proximity  to 
feed  point.  In  such  cases,  finer  segmentation  or  more  eleborate  source  models  may  be 
required. 

1.5  CONFIDENCE  FACTORS 

Reliable,  accurate  results  are  obtained  when  the  engineer  has  accumulated  sufficient 
experience  from  frequent  exercise  of  the  program  to  recognize  these  problem  areas.  He 
must  not  only  be  aware  of  potential  difficulties  when  initially  setting  up  the  program,  but 
also  when  interpreting  the  results.  Consequently,  for  each  general-purpose  program,  the  un- 
initiated user  must  run  through  a number  of  elementary  problems,  comparing  the  results  to 
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real  world  measurements,  until  he  has  the  conlulenee  to  attempt  new  problems  lor  which  the 
answers  are  as  yet  unknown.  I ven  then,  the  yardstick  ts  always  empirical  data 

Development  of  this  conlulenee  factor  entails  modeling  of  a number  of  simple  anten- 
na structures  found  in  standard  antenna  texts. 1 X I lie  approach  is  to  progress  from  the 
simple  case  to  the  more  complex.  A natural  first  choice  is  dipoles  in  tree  space  or  monopoles 
on  a ground  plane,  lollowed  by  inverted  I antennas  and  F antennas,  etc.  lor  each  antenna 
type,  a number  ol  problems  involving  different  wire  radii  and  lengths  are  selected,  and  the 
segmentation  is  varied  until  the  solution  converges.  C omparison  with  measured  data  then 
provides  the  insight  required  for  effective  application  of  the  computer  program  to  problems 


lor  which  empirical  data  may  be  sketchy  or  unavailable. 

An  example  of  the  type  of  problem  used  in  this  initial  program  validation  is  the  T 
antenna19  shown  in  I able  2.  Also  shown  are  the  "best"  resii'ts  using  the  various  general- 
purpose  programs  along  with  empirical  data.  ^ ^ 1 his  problem  is  presented  as  an  example  be- 
cause it  represents  a significant  step  in  the  validation  of  the  I WTI)  program,  f igure  2 shows 
the  time  response  of  the  feed  point  current  to  a Gaussian  pulse,  the  1 ouricr  trails! orm  ol 


which  is  the  input  impedance  given  in  figures  3 and  4. 

Another  noteworthy  problem  is  the  35-loot  twin  whit)  pictured  in  f igure  5.  I his 
antenna  is  similar  to  the  standard  35-foot  twin  whip  in  common  use  throughout  the  fleet. 
This  problem  is  significant  since  the  feed  point  region  is  complicated  by  the  proximity  ol 
three  junctions  and  two  changes  in  radius.  A comparison  ol  the  measured  and  calculated 
values  ol  input  impedance  is  given  in  1 able  3.  I lie  measurements  were  made  on  the  M L( 
ground  plane.  No  values  from  the  l’SR'l  program  are  available,  since  in  its  present  lorm  it 
lacks  the  capability  to  account  for  differences  of  radii  within  the  same  structure. 


8 


I A HI  I 2 COMPARISON  Ol  T-ANTl  NNA  IMIMDANC'I  COMPUTATIONS  WITH 
| 111  Ml  ASURI  I)  VALUI  S Ol  PARSAI). 


Measured^ 

AMP 

SYRACUSE 

PSRT* 

TWTD 


2.6  + j‘TO 

1.7  +j  10.3 
1.78  + j9. 1 8 
1 .7  + j3.8 


=y(h  + K)  = | 
Radius  of  wire  = 0.004/A 


1 1 + j3() 

1 1 + j36 
11.1  +j34.3 
1 1 .4  + j3 1 .9 
I I + j34 


* Answer  limited  by  array  sizes 


REACTANCE  Ohms 


l igure  4.  T-antcnna  frequency  response  rcaUive  component  of  input  impedance. 
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2 0 SPECIFIC  APPLICATIONS 

Alter  developing  sufficient  confidence  in  the  accurate  application  ot  the  general- 
purpose  thin-vvire  modeling  programs,  it  becomes  possible  to  utilize  the  programs  as  worth- 
while engineering  tools.  I he  remainder  ot  this  report  is  concerned  with  the  application  ot 
these  engineering  tools  to  support  the  antenna  analysis  work  in  the  Radio  I echnology  Divi- 
sion of  M IX'.  Four  examples  are  discussed  in  some  detail.  1 liesc  tour  examples  arc  con- 
cerned with  the  following  projects: 

I 111  Antenna  System  Design  for  Patrol  Hydrofoil  (Missile)  (PI1M) 

2.  MLA-I  Miniloop  Antenna:  A Technical  f valuation 

3.  AN/PRC- 1 04  Antenna  Improvement  Study 

4.  l-.valuation  of  Multiturn  Loop  Antenna 

In  each  example  the  specific  project  is  outlined  and  the  antenna  analysis  problems  ot 
particular  interest  are  described.  Ot  particular  interest  are  those  technical  problems  lor 
which  the  general-purpose  thin-wire  modeling  programs  were  utilized.  The  actual  utilization 
of  the  numerical  modeling  programs  is  described  in  some  detail  while  other  aspects  ot  the 
engineering  problem  are  discussed  only  as  required  to  lend  support.  The  primary  objective 
of  these  examples  is  to  demonstrate  both  where  and  how  the  general-purpose  numerical 
modeling  programs  can  be  used  as  useful  engineering  tools.  Again,  whenever  possible,  in 
order  to  build  further  confidence  in  the  numerical  modeling  capability,  the  analysis  is  com- 
pared to  empirical  data.  Building  of  this  confidence  factor  is  always  a continuing  process. 

In  almost  all  the  work  described,  the  principal  general-purpose  program  utilized  is 
the  AMR  program.  In  many  applications,  it  was  necessary  to  modify  the  existing  AMR  pro- 
gram, and  these  modifications  aie  noted.  Some  ol  the  associated  subroutines  arc  listed  in 
the  appendices  for  the  convenience  ot  readers  who  make  u«c  of  the  AMR  program. 


2. 1 HF  ANTENNA  SYSTEM  DESIGN  FOR  THE  PATROL  HYDROFOIL20 

The  Patrol  Hydrofoil,  Missile  (P1IM),  is  a high-speed  patrol  craft  planned  for  use  by 
NATO  forces.  I wo  prototype  vessels  are  being  designed  and  built  under  Navy  contract  by 
the  Boeing  Aerospace  Company.  The  small  size  of  the  PI  1M  length  40  meters  coupled 
with  the  requirement  for  a rather  extensive  communication  capability  for  this  size  ship,  in 
addition  to  weapon  requirements,  poses  difficult  antenna  placement  problems.  I his  is  es- 
pecially true  at  lif  where  antenna  spacings.  in  terms  of  wavelength,  are  small  by  necessity. 

NELC  was  tasked  by  NAVS1I1RS,  RMS-303.6,  to  perform  an  lif  antenna  system  de- 
sign study  in  conjunction  with  the  overall  eomniuiications  design  cllort  being  pursued  by 
Boeing.  Requirements  for  the  lif  (2-30  MHz)  subsystem  on  the  PI  1M  specified  two  l-k\V 
transeeive  circuits  capable  of  simultaneous  operation  and  capable  of  providing  gapless  556- 
kilometer  coverage.  Limited  topside  space  available  for  antennas  precludes  the  use  of  broad- 
band antennas  with  multicouplers.  Thus,  the  antenna  system  devised  consists  of  two  separate 
antenna  structures:  (I)  a whip  antenna  on  the  port  side,  just  aft  of  the  pilot  house  at  the  01 
level,  and  (2)  a three-wire,  bent-fan  antenna,  strung  from  the  mast  aft  and  fed  at  deck  level 
(see  Figure  6).  A second  whip  was  installed  parallel  and  starboard  ol  the  first  whip  to  pro- 
vide a backup  receive  circuit. 
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I'iguie  6.  Scale  model  of  patrol  hydiofoil  (missile)  (PIIM). 


One  of  the  primary  restric  tions  on  the  lif  eoninumieation  system  is  that  the  two  can- 
didate lit  antennas  must  be  so  arranged  that  they  meet  the  111  RO  (Hazards  ol  Electromag- 
netic Radiation  to  Ordnance)  requirements  for  the  RUM  weapons:  the  Harpoon  missile 
launcher  aft  and  the  OTO  Ml  LARA  gun  forward.  The  Naval  Ordnance  Systems  Command 
has  established  classification  of  susceptibility  pertinent  to  HERO.-1  Susceptibility  refers  to 


the  actual  induction  of  measurable  rf  energy  into  the  electroexplosive  devices  (l-.I-Ds)  in  an 
ordnance  system.  The  degree  of  susceptibility  depends  upon  the  amount  of  induced  energy. 


the  characteristics  of  the  LID.  and  the  electric  field  environment. 

Lor  this  project  it  was  necessary  to  predict  the  electric  held  intensity  at  both  ot  the 
RI1M  weapon  sites.  Thin-wire  modeling  computer  calculations  were  used  to  predict  the 
maximum  expected  peak  electric  fields  for  the  antenna-to-weapon  spaeings  chosen  Discus- 
sions of  these  results  appear  in  the  next  two  sections  (2. 1 . 1 and  2. 1 .2). 

Another  important  problem  is  that  of  strong  coupling  between  lif  communications 
systems  due  to  the  close  proximity  of  the  antennas.  This  problem  arises  on  the  RUM  be- 
cause of  the  limited  available  topside  space  and  a requirement  for  simultaneous  operation 
of  two  separate  hf  transmit  systems. 

In  the  RUM  case,  the  problem  of  coupling  has  been  solved  by  using  a fan  as  one  trails 
mit  antenna  and  a whip  as  the  other.  Two  whips  placed  at  the  separation  distance  ot  the  Ian 
and  whip  do  not  provide  sufficient  isolation.  On  the  other  hand,  the  tan-whip  combination 
lias  the  required  isolation. 
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In  this  case,  isolation  data  were  determined  empirically.  However,  it  is  possible  to 
analy  tie  oily  compute  isolation.  As  a demonstration  of  this  capability,  the  isolation  between 
two  whips  on  a ground  plane  has  been  computed.  Section  2. 1 .3  contains  a discussion  ol  the 
analytical  approach  and  a comparison  to  empirical  data. 

2 I I WHIP  NEAR  I II  IDS 

I he  transmitting  whip  is  the  primary  contributor  to  the  electric  field  intensity  in  the 
vicinity  ol  the  OK)  Ml  LARA  guns.  Electric  near-field  calculations  were  made  with  the 
NELC'  Whip  Antenna  program  for  perfectly  conducting  whip  antennas  of  lengths  5.33 
meters  ( 17.^  feet)  and  10.67  meters  (35  feet).  At  one  time  both  lengths  were  considered  as 
candidate  antennas.  Analytically,  the  calculations  were  made  for  the  antennas  on  an  infinite, 
perfectly  conducting  ground  plane. 

figure  7 defines  Case  I as  the  1 0.67  -meter  whip  and  Case  2 as  the  5.33-meter  whip. 

A coordinate  system  with  respect  to  the  whips  is  also  defined.  Figures  8 and  9 show  the 
computed  peak  electric  near  field  at  varying  heights  above  the  ground  plane  and  at  varying 
distances  from  the  candidate  whip  antenna.  The  peak  field  is  not  directly  related  to  the  sum 
of  the  squares  and  must  be  calculated  by  the  method  described  in  Reference  22.  For  further 
information  concerning  these  calculations,  also  see  Reference  12. 

The  efficiencies  referenced  in  these  figures  are  for  the  URA/38  coupler  attached  to 
the  whip  antennas.  The  losses  associated  with  the  whip  antennas  themselves  are  negligible 
compared  with  the  losses  of  the  coupler. 

The  maximum  electric  near  field  at  a fixed  distance  away  from  an  antenna  occurs  at 
the  1 'west  operating  frequency.  In  f igure  6 the  minimum  distance  to  the  OTO  MELARA 
gun  > approximately  7 meters.  Thus,  at  the  lowest  operating  frequency  of  2 MHz  the  peak 

CASE  1.  35-FT  WHIP,  Si  = 12  5 CASE  2 '7-1/2  FT  WHIP,H-1111 


Z (VERTICAL) 


WHIP  ON  AN  INFINITE,  PERFECTLY  CONDUCTING  GROUND  PLANE 
f igure  7.  Whip  on  infinite,  peifecdy  conducting  ground  plane. 
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Figure  9.  Peak  electric  field,  2-15  Mil/  (derated  for  coupler  losses:  1.0  kVV  into  coupler); 
case  2:  I kW  into  coupler. 
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figure  9.  (Continued) 

electric  Held  at  1 meter  above  the  deck  and  with  an  antenna-to-weapon  spacing  of  7 meters 
is  1 1 5 rms  volts/meter  for  the  5.33-meter  whip  (Figure  1>A)  and  81  nns  volts/meter  for  the 
10.67-meter  whip  (Figure  8A). 

These  computed  results  for  a whip  on  a perfect  ground  plane  can  be  extrapolated  to 
the  whip  on  the  PHM.  In  1 R 1872  it  is  concluded  that  the  near  electric  field  is  not  a major 
function  of  the  structured  environment  surrounding  the  whip.  *2  Further,  the  whip  on  the 
PHM  is  situated  1 .9  meters  above  the  main  deck.  In  Figure  10  the  computations  for  an  ap- 
propriate sleeve  monopole  are  compared  with  the  computed  electric  near  fields  of  the  10.67- 
meter  whip  at  2 MHz.  The  sleeve  monopole  is  fed  1.9  meters  above  ground  and  it  extends 
10.67  meters  above  its  feed  point.  The  computations  arc  again  made  above  a perfect  ground. 
Near  the  antenna  the  electric  near  field  of  the  sleeve  monopole  is  somewhat  less  than  the 
electric  near  field  of  the  10.67-meter  whip.  Thus,  the  computations  of  Figures  8 and  9 are 
representative  of  the  actual  electric  near  fields  which  would  occur  onboard  the  actual  PHM. 

It  is  of  interest  to  compare  the  computations  of  several  numerical  modeling  programs. 
Table  4 lists  the  computed  results  of  the  AMP,  SYRACUSF  , and  NELC  programs  for  the 
10.67-meter  whip  at  2 MHz  over  a perfect  ground  plane.  The  near-field  results  are  all  within 
5fr  of  each  other.  It  is  encouraging  that  there  is  this  agreement  among  the  computer 
programs. 

In  conjunction  with  the  analytical  computations,  near-field  measurements  fora  whip 
over  an  extended  ground  plane  were  made  with  an  E-field  sensor.  FFS-1,  manufactured  by 
Instruments  for  Industry,  Inc.  Figure  1 1 compares  these  measurements  with  the 
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FREOUENCY  2 MHz 

FEEDPOINT  OF  SLEEVE  MONOPOLE  1 

ABOVE  GROUND 

XMTR  OUTPUT  1000  W 

COUPLER  EFFECTIVE  40% 

(400  W RADIATED) 


9 m 


Figure  10.  Comparison  of  calculated  electric  near  field  of  whip  and  sleeve  monopole. 


MONOPOLE  ON  PERFECT  EARTH 
10.67  m WHIP  AT  2 MHz 
HEIGHT  ABOVE  GROUND  = 1 0 m 
Ez COMPONENT 
1 0-kW  INPUT 


HORIZONTAL  DISTANCE,  m 


Figure  1 1.  Comparison  of  measured  and  calculated  peak  electric  near  fields 
for  case  1 at  2.0  MHz(z=  1.0 meters). 


TABLE  4.  COMPARISON  OF  CALCULATTD  N1 AR  FIELDS  OP  AMP,  SYRACUSE:',  AND 
WHIP  10.67-METE.R  WHIP  ANTE  NNAS  AT  2 Mil/.. 


Impedance: 


AMP  SYRACTS1  WHIP 

Z = 2.0  j 5 7 1 .45  7 =1.88  j563.1  7 =1.782  j552.4 

NE  AR  FIELDS  I OR  1000  WATTS  INPUT  1.0  METER  ABOVE  DECK 


AMP 

SYRACUSE 

WHIP 

Meters 

frem 

Antenna 

Ex 

Ez. 

1 X 

Ez 

Ex 

Ez. 

3435.2 

2406.5 

3655.4 

2612.4 

3468.0 

2368.0 

1 

10133) 

1404.9 

1072.5 

1467.8 

1019.0 

1400.0 

-> 

450.0 

875.1 

472.4 

906.2 

452.8 

873.3 

3 

248.1 

589.8 

256.9 

606.4 

247.9 

587.2 

4 

153.2 

418.0 

157.8 

428.1 

153.0 

415.5 

5 

101.9 

307.2 

104.6 

313.5 

101.7 

304.3 

6 

26.2 

1 10.8 

29.6 

1 12.3 

28.9 

106.8 

10 

9.2 

42.2 

9.3 

42.6 

9.1 

40.7 

15 

3.2 

19.6 

3.3 

19.7 

3.2 

19.5 

21 

computations  of  the  NELC  program  for  the  case  of  the  10.67-meter  whip  at  2 Mil/.  The 
comparisons  arc  made  at  1 meter  above  the  extended  ground  plane.  As  previously  pointed 
out,  the  accuracy  of  any  computation  improves  with  the  distance  away  from  the  antenna. 
For  example,  the  computation  of  (he  far-ficld  pattern  is  significantly  more  accurate  than  the 
computation  of  the  impedance  for  any  antenna  structure.  Thus,  in  Figure  1 1 the  computa- 
tional accuracy  of  Ez  improves  with  distance  away  from  the  whip  antenna.  Thus,  the  in- 
creased discrepancy  between  measurement  and  calculation  is  attributable  to  measurement 
inaccuracy.  With  this  consideration,  the  calculations  compare  well  with  the  measurements. 


2.1.2  FAN  NEiAR  FIELDS 

Because  of  the  structural  complexity  of  the  fan  antenna,  calculation  of  the  electric  near 
fields  for  this  antenna  is  a much  more  difficult  problem.  1 he  radius  of  the  linear  elements 
comprising  the  fan  differs  from  the  supporting  mast  by  a factor  of  more  than  50.  It  elements 
of  such  different  radii  were  directly  connected,  inaccurate  calculations  would  result.  In  the 
case  ot  a top-fed  Ian,  this  condition  may  exist.  For  such  an  antenna,  a thin-wire  computation 
would  not  be  possible.  However,  in  the  case  of  this  bottom-fed  fan,  the  masl  and  tan  arc  not 
electrically  connected.  A numerical  computation  of  acceptable  accuracy  can  be  made. 

A fairly  complex  model  ( 1 25  segments)  of  the  fan  and  its  supporting  mast  was  simulated 
with  the  AMP  program.  Limited  electric  near-field  data  at  2 Mil/  were  computed  at  varying 


distances.  Again  the  maximum  near  field  at  a fixed  distance  away  trom  an  antenna  occurs  at 
the  lowest  operating  frequency.  Near-field  measurements  with  the  EFS-1  were  made  ol  a 
full-scale  mock-up  of  tins  fan  antenna  and  supporting  mast.  Hie  mock-up  was  constructed 
on  an  extended  ground  plane.  The  results  ot  these  calculated  and  measured  electric  near 
fields  are  given  in  Table  5.  (The  Harpoon  missile  is  situated  12  to  14  meters  from  the  mast.) 


2.1.3  ISOLATION 

Consider  the  case  of  two  10,67-meter  whips  (standard  35-foot  Navy  whips)  separated 
7.6  meters  on  an  extended  ground  plane.  The  isolation  between  these  antennas  can  be  com- 
puted by  treating  this  coupling  problem  as  a two-port  network  problem.  This  requires  only 
one  run  of  the  AMI’  program  for  each  frequency  to  determine  the  two-port  network  admit- 
tance parameters  (Y ! j,  Y!2,  V2|,  and  Y:2L  Due  to  the  symmetry  of  the  problem,  Y,  j = 
Yn.  Also,  since  the  network  is  bilateral,  Y |2  = Ys). 

Once  the  admittance  parameters  have  been  found,  the  input  impedance  and  coupling 
can  be  determined  for  arbitrary  loading  conditions.  Straighttorward  network  analysis  yields 
the  following  relationships  for  an  arbitrary  two-port  system. 
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where  Yl  is  the  arbitrary  load  admittance.  For  a complete  discussion  of  this  topic  see 
Reference  23. 

Equations  (11)  and  ( 1 2)  have  been  written  into  an  interactive  basic  computer  program 
called  “Nonradiating  Network  Program.”  A listing  of  this  program  is  given  in  Appendix  A. 
The  short-circuit  admittance  parameters  and  load  admittance,  Y^,  are  input  to  the  program. 
The  program  computes  Zj,-j  and  the  isolation  in  dB  (10  log  P2/P]). 

Figure  1 2 shows  the  isolation  in  dB  versus  frequency  for  two  sets  ol  independent 
measurements.  The  computed  isolation  compares  well  with  the  empirical  data. 

TABLE  5.  NEAR  FIELDS  OF  FAN  ANTENNA. 


Frequency  = 2.0  MHz 
Coupler  Losses  = 5.1  dB 

VERTICAL  COMPONENT  OF  NEAR  FIELD 
AT  1 MFTFR  ABOVE  GROUND  PLANE 


Distance  from  Mast 

Measured 

Calculated 

12.5  m 

50  V/m 

60.0  V/m 

13.5  m 

38  V/m 

46.3  V/m 

14.5  m 

30  V/m 

35.6  V/m 
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Figure  12.  Isolation  between  two  10.67-meter  whip  antennas  spaced  7.6  ineiers  apart  over  a ground  plane 
Curve  A is  taken  from  measured  data  in  M IC  TR  I Isolation  is  based  on  power  transfer  from  one 
whip  to  a second  ictminaied  in  a conjugate  match.  Curve  If  is  based  on  measured  data  taken  on  the  Nl'I  C 
ground  plane  with  both  whips  matched  at  each  frequency  using  AN/URA-38  antenna  couplers  and  cor- 
rected for  coupler  loss.  Curve  C is  based  on  numerical  modeling  calculation. 

2.2  MLA-1  MINILOOP  ANTENNA:  A TECHNICAL  EVALUATION25 

NFLC  was  tasked  by  Naval  Electronic  Systems  Command  t NAVI- LEX)  to  technically 
evaluate  the  Antenna  Research  Associates,  Inc.,  Miniloop  antenna  type  MLA-1 . The  frequency 
range  of  this  antenna  is  1.8  - 14.5  MHz.  Figure  13  shows  the  Miniloop  installed. 

Tltin-wire  modeling  supported  this  evaluation  in  the  following  three  areas:  (1  ) deter- 
mination of  efficiency,  (2)  determination  of  near  electric  and  magnetic  fields,  and  (3)  valida- 
tion ot  the  l/4Xth  scale  model  of  the  Miniloop  for  patterns.  Discussions  of  these  topics  are 
contained  in  sections  2.2.1.  2 2.2,  and  2.2.3,  respectively. 

In  order  to  facilitate  the  modeling  of  the  Miniloop  antenna,  an  are  subroutine  was 
added  to  the  geometry  package  of  AMP.  This  subroutine  is  called  in  a manner  similar  to 
subroutine  WIRE  from  subroutine  DATAC.N,  A listing  of  subroutine  ARC  is  given  in 
Appendix  B along  with  a description  of  the  appropriate  geometry  card.  This  description 
follows  the  format  of  the  AMP  User’s  Manual.7 


hgurc  13.  Ntl.A-l  Mmiloup  installed  aboard  USS  BRADI.I.Y  (Dl  1041). 
n i in i Nr y nrn  kmination 

tint  is  the  r!!i  !n'r  h"'S  m:Kle  dctorminc  the  absolute  efficiency  of  the  Miniloop  antcn.it,; 

. 1 ,7  tl,e  power  acU,al|y  radiated  to  the  power  fed  to  the  antenna  1 he  eflleiei 

c>  ol  Jl1>  sl,lal1  (si,1aM  111  ter,11s  ol  wavelength)  antenna  can  be  expressed  by:-6 
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where  Ka  and  X tire  the  radiation  resistunce  and  the  reach, nee  of  an  ideal  antenna  (no  losses 

the  0 „ ‘ ;1  a,,,cnna  dcrivcd  rro'"  bandwidth  measurements.  In 

U SL  \ K 1111  oop'  R;i  :,nd  X;i  werc  deteriniiied  by  using  the  AMP  program  1 he  Q was 
measured  on  the  test  antenna.  These  values  were  inserted  into  equation  ( .3)  to  ob.am  ef.T 

uuKy.  his  ability  ol  tli,n-w,re  modeling  programs  to  model  lossless  antennas  is  valuable  in 
determining  the  elfieieney  of  any  small  antenna. 


2.2,2  NEAR  FII  LDS 

Because  shipboard  operations  are  carried  out  within  fixed  (small)  distances  from  lit 
transmitting  antennas,  the  Navy  has  a unique  and  longstanding  operational  problem  21  thc 

™"  "«  ™ personnel,  ordnrnee.  .„,d  elec, lie 

equipment  due  lo  Ihe  mlensily  ol  the  fields  in  close  proximity  to  the  radiating  element. 


Near-Held  computations  were  made  for  both  the  electric  and  magnetic  components 
ot  the  Miniloop  antenna.  Special  emphasis  was  placed  on  the  magnetic  Held  determination 
because  theoretically  the  near  magnetic  field  is  greater  for  the  MLA-I  antenna  than  for  the 
other  communication  antennas  presently  installed  on  Navy  ships.  Also,  recent  developments2* 
have  placed  greater  emphasis  on  the  radiation  hazards  of  magnetic  fields  to  personnel. 

In  order  to  make  the  magnetic  field  calculation,  the  AMP  program  was  modified 
The  three  subroutines  N1IFLD,  GH,  and  I II- K were  added  to  the  code.  NUI-'L.l)  is  called  from 
the  main  program  in  the  same  manner  as  NFFLD.  The  magnetic  Helds  are  calculated  in  am- 
peres/meter. A listing  of  subroutines  NIIFLI),  GH,  and  HFK  is  given  in  Appendix  C.  The 
magnetic  fields  thus  computed  compare  well  with  the  calculations  reported  in  Reference  29. 

1 he  AMP  program  was  used  to  make  calculations  of  electric  and  magnetic  fields  at 
2.0  Mil/  and  a radiated  power  of  1 kW,  the  maximum  power  rating  of  the  MLA-1  Miniloop 
antenna.  Again.  2.0  Mil/,  was  chosen  because  it  is  close  to  the  lower  limit  of  the  timing 
range  of  the  antenna  where  at  a fixed  distance  the  near-field  strength  is  greatest. 

I-'igure  1 4 presents  selected  computer-predicted  near-field  magnetic  component  data 
tor  a lossless  loop  antenna  having  the  dimensions  of  the  MLA-1  Miniloop  when  radiating 
1 kW  at  2.0  MHz.  Figure  14A  is  a family  of  curves  indicating  magnetic  field  strength  as  a 
function  of  distance  from  the  antenna  in  the  plane  of  the  loop  for  several  elevations  above 
the  ground  plane.  Figure  14B  is  a family  of  curves  indicating  magnetic  field  strength,  as  a 
function  of  distance  from  the  antenna,  in  the  vertical  plane  normal  to  the  plane  of  the  loop 
and  including  the  axial  centerline  of  the  loop. 

Figure  15  presents  selected  computer-predicted  data  for  the  near-field  electric  com- 
ponent of  a lossless  loop  an'enna  having  the  dimensions  of  the  model  MLA-1 /E  Miniloop, 
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Figure  14.  Computed  values  of  peak  magnetic  field  strength  for  the  Miniloop 
antenna  radiating  I kW  at  2 MHz. 
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Figure  15.  Computed  values  of  peak  electric  field  strength  for  the  Miniloop  radiating  1 k\V  at  2 MHz. 

when  radiating  I k\V  at  2.0  MHz.  Figure  I5A  is  a family  of  curves  indicating  electric  field 
strength  as  a function  of  distance  from  the  antenna  in  the  plane  of  the  loop  for  several  eleva- 
tions above  the  ground  plane.  Figure  1 5B  is  a family  of  curves  indicating  electric  field 
strength,  as  a function  of  distance  from  the  antenna,  in  the  vertical  plane  normal  to  the 
plane  of  the  loop  and  including  the  axial  centerline  of  the  loop. 

It  must  be  remembered  that  the  calculated  curves  are  based  on  a lossless  antenna  ra- 
diating 1 kW.  The  Miniloop  has  very  poor  efficiency  at  the  lowest  frequencies  where  the 
near  fields  are  greatest.  For  the  real  world  Miniloop,  the  values  shown  must  be  decreased 
by  the  square  root  of  the  ratio  of  1 kW  to  actual  power  radiated  by  the  Miniloop. 


2.2.3  PATTERN  DATA 

A 1 /48th  scale  brass  model  of  the  Miniloop  with  supporting  mast  was  built  com- 
patible with  available  brass  ship  models  in  inventory.  However,  the  model  was  not  an  exact 
duplicate  of  the  full-scale  Miniloop.  No  attempt  was  made  to  duplicate  the  feed  method 
used  in  the  actual  full-scale  Miniloop.  Rather,  a one-turn,  balanced,  untuned,  top-fed  model 
was  formed  of  semirigid  copper  coaxial  line,  0.086  inch  in  diameter. 

Since  the  model  is  not  exact,  it  was  questionable  whether  the  model  and  full-scale 
antenna  have  the  same  radiation  pattern.  AMP  was  used  to  obtain  analytically  the  inherent 
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2 3 AN/PRC-I04  ANTENNA  IMPROVEMENT  STUDY 

NELC'  was  tasked  by  NAVELEX  to  (I ) determine  if  alternate  antennas  would  im- 
prove the  performance  of  the  AN/PRC-1 04  above  its  present  level  when  using  an  8-foot 
whip  and  (2)  demonstrate,  if  possible,  how  the  existing  system  could  be  used  to  provide 
better  performance  in  certain  situations.  The  AN/PRC- 104  is  a Marine  Corps  man-pack, 
2-30-MIIz,  20-watt  transceiver  designed  to  use  an  8-t'oot  GFE  whip  antenna.  The  primary 
objective  of  this  task  was  to  improve  the  efficiency  of  the  system  at  the  low  end  of  the  band. 

One  of  the  most  commonly  suggested  ways  to  improve  the  performance  of  a whip 
antenna  is  to  use  a series  inductive  load  somewhere  along  the  antenna.  Short  whip  antennas 
have  a “triangular”  current  distribution.  Placing  an  inductor  on  the  whip  makes  it  electri- 
cally longer,  and  the  current  distribution  is  altered.  If  the  proper  inductance  is  placed  at  the 
tip  of  the  whip,  a constant  current  distribution  results.  One  can  determine  the  maximum 
change  in  radiation  resistance  caused  by  inductive  loading  by  assuming  an  ideal  situation, 
where  all  input  power  is  radiated.  Consider  the  two  situations,  one  with  the  triangular  dis- 
tribution and  one  with  a constant  current  distribution.  In  order  for  them  to  be  equal  radia- 
tors, the  area  under  the  current  distribution  curves  must  be  equal.  This  implies  the  feed 
current  of  the  constant  distribution  case  is  one  half  of  the  triangular  feed  current  case.  Thus, 
for  equal  power,  the  radiation  resistance  of  the  end-loaded  whip  is  four  times  the  unloaded 
whip  resistance.  This  is  the  maximum  improvement  in  radiation  resistance  attainable  by 
loading. 

The  above  discussion  assumes  an  ideal  inductor  is  used  for  loading.  In  reality,  the 
inductor  has  loss  and  the  question  is  whether  the  center  load  inductor  actually  improves  the 
performance  of  the  whip.  The  closer  the  inductor  is  placed  to  the  tip  of  the  whip,  the  larger 
the  required  inductance  and  thus  the  more  loss  resistance  of  the  inductor. 

C.  W.  Harrison-^  describes  a monopole  on  a perfectly  conducting,  extended  ground 
plane.  The  monopole  is  center  loaded  with  an  inductance  of  Q = 300.  The  monopole  at 
1 MHz  has  a height  of  0.032  meter  and  a radius  of  0.000123  meter.  He  then  calculates  the 
necessary  inductance  for  resonance  and  determines  the  resulting  efficiency.  A similar  cal- 
culation was  made  with  the  AMP  program  aided  by  the  program  in  Appendix  A.  The  pro- 
gram of  Appendix  A is  very  useful  in  determining  the  load  necessary  for  resonance.  The 
results  are  given  in  the  table  below. 

TABLE  6.  EFFICIENCIES  OF  INDUCTIVE-LOADED  MONOPOLES. 


Harrison 

AMP 

7 

no  load 

0.385  — j 1 350 

0.4951 1 — j 1 573.9 

Efficiency 

Base  loaded 

1.887c 

8.62% 

Center  loaded 

19.85% 

8.79  % 

1 he  results  of  AMI’  differ  considerably  from  Harrison's.  However,  the  AMI'  results  are  in- 
dependently supported  by  the  analytical  work  of  Reference  3 1 . Obviously,  soive  empirical 
work  is  needed  in  this  area.  However,  due  to  sufficient  confidence  in  numerical  modeling, 
it  was  concluded  for  this  study  that  fixed  inductive  loading  along  the  antenna  will  provide 

little  improvement  above  base  inductive  loading, 

A similar  problem  was  proposed  to  NILC  by  NAVSl.t  NORD1V  in  Norfolk, 
Virginia.  The  question  was  whether  the  efficiency  ot  a 35-foot  whip  at  1 MHz  could  be 
improved  by  inductive  loading  at  the  center  of  the  whip.  It  was  calculated  that: 


%ase  loaded  - 0.43% 

^center  loaded  = 0.45% 

Again,  in  a quick  response  to  the  question,  it  could  be  stated  that  no  improvement  in  effi- 
ciency was  achievable  by  center  loading. 


2,4  EVALUATION  OF  MULTITURN  LOOP  ANTENNA 

NELC  evaluated,  for  shipboard  application,  the  HI7  Multiturn  Loop  Antenna  (Mil  ) 
developed  by  Ohio  State  University.  The  prototype  model  delivered  to  NI-LC  is  constructed 
from  standard  2-inch  copper  tubing  and  fittings  (Figure  17).  It  has  the  following 
characteristics:-1’ 


Tuning  range:  2 to  10  MHz 
Efficiency  range:  1%  to  30% 

Bandwidth:  3 kHz  minimum  (3  dB) 

Impedance  over  tuning  range:  Adjustable  to  exactly  50  ohms 
Input  power:  1 k\V 

Size  of  coil:  (30.48  cm  X 66.04  cm  X 66.04  cm) 

Weight:  50  1b 


The  configuration  of  the  MTL  is  a rectangular  six-turn  coil  or  helix  with  its  axis  and  largest 
plane  parallel  to  the  ground  plane.  The  separation  of  the  lower  coil  side  from  the  ground 
plane  is  only  4 inches. 

One  of  the  technical  objectives  of  the  NELC  evaluation  was  to  recommend  a final 
design  for  both  the  transmitting  and  receiving  functions.  I his  section  described  how  numer- 
ical modeling  assisted  in  achieving  that  objective.  Two  aspects  of  this  technical  evaluation 
are  discussed  below;  one  concerns  the  arrangement  of  the  tuning  capacitor  and  the  other 
concerns  the  orientation  (horizontal  vs  vertical)  of  the  M IL. 

To  the  present,  the  study  of  hf  antennas  at  M 1C  has  been  pursued  almost  entirely 
through  the  use  of  1 /48th  scale  brass  models.  The  characteristics  of  the  antenna  were  pos- 
tulated on  the  basis  of  measured  impedances  and  patterns.  I liese  are  the  ctfects.  1 he  numer- 
ical modeling  approach  computes  the  cause,  the  current  distribution  on  the  antenna  1 he 
ability  to  view  the  cause  as  well  as  the  effects  wifi  lead  to  a better  understanding  ot  ai.  an- 
tenna Such  is  the  ease  in  the  study  of  the  MTL . This  numerical  modeling  study  has  been 
pursued  beyond  the  areas  discussed  here,  providing  useful  insights  into  the  antenna  s 
characteristics.  These  insights  will  make  a significant  impact  on  the  tinal  helix  design. 
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figure  17.  Ill  muluiuin  loop  antenna  of  Ohio  Slate  University. 

2.4.1  UALANCI  I)  VS  UNBALANCT  I)  OPFRAl  ION 

One  of  the  first  aspects  of  the  prototype  model  considered  is  the  arrangement  of  the 
tuning  capacitor.  In  its  present  configuration,  the  MTL  tuning  capacitor  is  across  the  entire 
coil  At  a given  resonant  frequency,  the  two  coil  ends  are  high-impedance  (low  current) 
points.  The  single  low-impedance  (high  current)  point  is  at  the  center  of  the  coil,  midway 
between  the  ends.  This  is  a “balanced”  condition  (the  peak  current  occurs  at  the  coil  cen- 
ter with  low  current  at  coil  ends). 

A different  configuration  is  made  possible  by  the  change  from  a “balanced”  to  an 
“unbalanced”  antenna.  For  the  unbalanced  case,  one  end  of  the  coil  is  grounded.  The  tun- 
ing capacitor  is  placed  between  the  other  coil  end  and  ground.  This  arrangement  has  the 
electrical  advantage  of  providing  mechanical  drive  of  the  tuning  capacitor  at  ground  potential 
which  helps  to  eliminate  uncontrolled  stray  capacitance. 

It  was  therefore  suggested  that  the  antenna  be  tuned  in  the  unbalanced  condition. 
The  contractor,  Ohio  State  University,  responded  that  a greater  tuning  range  is  achieved 
with  the  tuning  capacitor  in  parallel  with  the  coil.  In  other  words,  the  balanced  condition 
offers  a greater  tuning  range  for  a given  change  in  capacitance.  An  attempt  was  made  to 
verify  this  very  important  design  question  with  the  use  of  the  thin-wire  modeling  tool 
Several  steps  were  required  to  arrive  at  the  answer. 

The  first  step  is  to  frame  the  question  in  a manner  such  that  thin-wire  modeling  is 
useful.  Its  applicability  is  limited  by  the  thin-wire  approximation.  In  the  actual  prototype 


model,  the  are  ,oo  Cose  **£  ^ 

■to  azimuthal  current  How  ,s  no  longer  - ■ • J “ f mode  helix  such  that  the 

normal  mode  helix,  so  Kn  for  The  computer  model  is  2 meters  long 

thin-wire  approximation  is  valid.  > nt 

with  a helix  radius  of  0.239  meter.  ..  n(ethod  0f  excitation  so  that  the  balanced 

The  second  step  is  to  determine  a ^ ed.  In  order  to  avoid  introducing 

and  unbalanced  conditions  along  t e le  ix  ^ antenna  can  be  treated  as  a scattering 

the  problem  of  two  different  feed  arrang  - normai  tQ  the  helix  axis. 

problem  in  which  the  excitation  is  an  me  balanced  case  and  the  unbalanced  case 

P F igure  1 8 shows  the  configuration  for  t mb ^ ^d  case^^  ^ ^ ^ ^ of  coi, 

MIL.  In  the  case  of  the  balanced  antenna,  ^ the  current  maximum  occurs  at  the 

at  resonance.  For  the  unbalanced  antenna  a maximum  as  the  capacitance 
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K,  frequency  change,  approximately  an  8:1  capacitance 

change  is  needed. 
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Figure  18 


. Configurations  of  balanced  and  unbalanced  Ml  Ls. 
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2.4.2  HORIZONTAL  VS  VFRTICAI  CONFIGURATION 

A second  aspect  of  the  design  of  the  MTL  concerns  the  orientation  of  the  MTL  with 
respect  to  ground  I lie  axis  ol  the  present  M F L is  parallel  to  the  ground  plane.  It  has  the 
structural  configuration  of  Tigure  l‘L  A center  support  runs  the  length  ol  the  helix.  Bccaust 
of  the  coil’s  close  proximity  to  ground,  the  imaging  effect  limits  the  inherent  radiation  ol 
this  M 11  configuration.  II  the  MTL  is  mounted  with  its  axis  vertical  to  the  ground  plane, 
as  in  Figure  2 1 the  inherent  radiating  efficiency  of  the  antenna  should  he  improved  since 
the  conductors  are  further  from  the  ground  plane;  that  is,  there  is  less  cancellation  ol  cur- 
rents due  to  imaging. 

To  verify  this  important  point,  a comparison  ol  the  characteristics  ol  the  two  con- 
figurations ol  the  M 1 L was  made  using  the  AMP  program,  figure  20  shows  the  impedance 
computed  for  the  horizontal  case  and  Figure  22  shows  the  impedance  for  the  vertical  ease. 
Both  antennas  are  base  fed  at  the  grounded  end. 

Since  the  prototype  M 1 1 is  operated  below  the  first  natural  resonance,  the  computer 
model  comparison  is  also  made  below  the  first  resonance  for  both  configurations.  I he  radia- 
tion resistance  of  the  vertical  helix  is  four  to  live  times  greater  than  the  radiation  resistance 
of  the  horizontal  helix.  The  basic  structure  (dimensions)  of  both  helix  configurations  is 
essentially  the  same,  hence  the  loss  resistance  of  both  antennas  is  approximately  the  same, 
lints,  in  a qualitative  sense,  the  vertical  configuration  is  a more  efficient  radiator. 


3.0  CONCLUSIONS 

The  general-purpose  thin-wire  modeling  programs  provide  a valuable  engineering 
tool.  They  are  a valuable  asset  in  various  phases  of  communication  system  development. 

As  demonstrated  in  the  case  of  the  PHM  study,  the  tool  can  assist  in  determining  the  effect 
of  the  antenna  system  on  other  systems.  This  is  a valuable  contribution  to  preliminary  sys- 
tem planning.  As  in  the  case  of  the  MTL  and  man-pack  antenna  projects,  it  can  impact  on 
the  preliminary  antenna  design  itself . As  in  the  case  ot  the  Miniloop,  test  results  can  be 
evaluated  and  specifications  prepared. 

Typical  problems  that  may  be  handled  by  the  thin-wire  modeling  programs  include 
the  following; 

Determine  current  distribution  on  antenna  systems. 

Determine  impedances,  both  self  and  mutual,  associated  with  antennas  or  arrays. 

Obtain  near-field  (electric  and  magnetic)  components. 

Provide  information  on  far-field  patterns. 

Provide  information  on  the  RADHAZ  of  an  antenna  system. 

Provide  information  on  the  HFRO  consideration  of  an  antenna  system. 

Provide  information  on  the  efficiency  of  an  antenna  system. 

Examine  the  frequency  characteristics  of  an  antenna  system. 

Examine  the  EMC  situation  for  a complex  of  antennas  and  identify  problem  areas. 

Evaluate  the  impact  of  changes  in  antenna  structures. 
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In  each  case,  effective  use  of  numerical  modeling  as  an  engineering  tool  requires  that 
the  engineer  be  knowledgeable  of  the  limitations  of  the  numerical  techniques.  Such  knowl- 
edge is  acquired  through  frequent  exercise  of  the  computer  programs  and  a continued  study 
of  the  literature  to  keep  abreast  of  developments  as  they  occur.  It  should  also  be  noted  that 
the  engineer  is  an  integral  part  of  the  numerical  analysis  tool,  since  he  plays  the  strategic- 
role  of  properly  posing  the  problems  so  that  usetul  answers  may  be  obtained  as  well  as 
interpreting  the  computer  output  to  extract  an  engineering  solution. 
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APPENDIX  A:  NON  RADIATING  NETWORK  PROGRAM 

t his  basic  computer  program  calculates  the  input  impedance  and  dB  coupling  of  a 
two-port  bilateral  network. 
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APPENDIX  B:  ARC 

A Fortran  subroutine  for  the  MBA  program,  ARC  generates  the  segmentation  data 
for  a wire  are  located  in  the  X-Z  plane. 
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VV1RL  ARC  SPECIFICATION  (GA) 


PURPOSE.  This  card  generates  a wire  arc  «36()°)  of  equal  segments  centered  about  the 
origin  in  the  X-Z  plane. 


PARAMETERS: 

INTEGERS 

1TG  tag  number  assigned  to  wire 

NS  number  of  segments  into  which  arc  will  be  divided 

DECIMAL  NUMBERS 

XW 1 - radius  of  arc  to  be  generated 
YW1  initial  angle  of  arc  in  degrees  (see  diagram  below) 
ZW1  - final  angle  of  arc  in  degrees  (see  diagram  below) 
RAD  - wire  radius  in  same  units  as  arc  radius 


z 


42 


NOTES: 


I he  initial  and  final  angles  are  measured  from  the  X-axis  as  indicated  in  the  above 
drawing.  Clockwise  is  the  positive  sense. 

Wires  may  not  overlap:  hence  IFinal  Angle  - Initial  Angle  |<360°.  Specification  of 
overlapping  wires  will  terminate  the  computer  run. 
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APPENDIX  C:  NHFLD,  HFK,  GH 

Fortran  subroutines  tor  the  MBA  program  calculate  the  magnetic  near  fields. 
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APPENDIX  D:  HELIX 

A Fortran  subroutine  for  the  MBA  program,  HELIX  generates  the  segmentation  data 
for  a wire  helix. 


WIRE  HELIX  OR  SPIRAL  SPECIFICATION  (GH) 


PURPOSE:  1 his  card  generates  a helix  or  a spiral  around  the  Z-axis. 
CARD: 


PARAMETERS: 

INTEGERS 

1TG  tag  number 

NS  — number  ol  segments  in  the  whole  helix 
DECIMAL  NUMBERS 

S - axial  spacing  between  turns 
HL  total  axial  length 
A 1 radius  in  X direction  at  Z = 0 
B1  - radius  in  Y direction  at  Z = 0 

A2  - radius  in  X direction  at  Z = |HL| 

A2  = A 1 -*  helix,  A2  + A1-*  spiral 
Therefore,  A2  should  not  be  left  blank 

B2  radius  in  Y direction  at  Z = |HL 
RAD  radius  of  wire 

NOTES: 

• B1  = 0 or  left  blank  -*  A1  = B1 

B2  = 0 or  left  blank  -*■  A2  = B2 

• If  HL<0-»  rotation  going  from  top  to  bottom  will  be  in  a counterclockwise  direc- 
tion. 11E>0  rotation  is  in  a clockwise  direction. 


50 


Also,  it  HL<(),  the  structure  generated  is  rotated  towards  the  right  around  the  / 
axis  90°  with  respect  to  the  clockwise  structure  (with  HL>0).  In  other  words,  A1 
will  he  along  the  +Y  axis  and  li  1 along  the  +X  axis  at  / = 0.  I o counteract  this,  add 
the  following  card  ( OORDINAl  h I R \NS10RMA  1 ION  (OMt  X) 
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0003 


SEQUENT* 

IMPLICIT  Sf 4L*3( *-m,t-zi 


■ 31  12001. ALP(2001i 
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0009 
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I BET  I 200  I . I CGN  11  2001  » IC0N2  I 200  I » 17  AG  I 200  I . ML  AM  » 1 PSYM.N  »NP 

OAT  A PI/3.L615926C0/  _ 

( ST  =N*  l 

Y*N*NS  _ - - — 

NP*N 


0011 
J101Z 
0013 
.QUIA  _ 
0015 


0015 


.0029 


0021 

JJZ2 


0023 


_M25_ 


0025 

.oa’p- 


0027 


99itL 


0029 

_am 

00  31 

0032 

0033 
0035 


00  35 
0036 
0017 
0038 


IFINS.LT.il  »ETll*N 
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a i ( 1 1 =P.Ai 


0017 

0018 
0019 


I TAG!  I 1 = 1 T( 
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y < : i = c ipy 
OT<*  Y»  X 2 .1 I 
"x  2 1 I I - Y 2 I I l" 

Y 2 0 I -COPY 

25  CONTINUE 
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LIBRARY 
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ATLANTIC  FLEET 
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U.S.  COAST  GUARD  ELECTRONIC 

ENGINEERING  CENTER,  WILDWOOD,  N.J. 
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(RESEARCH  AND  DEVELOPMENT) 

NAVAL  SECURITY  GROUP  HEADOUARTERS 
LIBRARY 
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DEFENSE  DOCUMENTATION  CENTER  (2) 

DOD  RESEARCH  AND  ENGINEERING 
TECHNICAL  LIBRARY 
ASSISTANT  DIRECTOR 

(COMMUNICATIONS  & ELECTRONICS) 
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CRD-AA  IP 

ARMY  E LECTRONIC  WARFARE  LABORATORY 
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NAVAL  RESEARCH  LABORATORY 
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NAVAL  POSTGRADUATE  SCHOOL 
LIBRARY 
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